Objective: Hypertrophy of cardiomyocytes may play an important role in the pathogenesis of cardiac hypertrophy associated with Ž . various cardiovascular diseases such as congestive heart failure. The aim of this study was to investigate whether vasopressin AVP induces protein synthesis in cultured neonatal rat cardiomyocytes through its specific receptor and whether YM087, a newly synthesized nonpeptide AVP receptor antagonist, inhibits AVP-induced protein synthesis in vitro. Methods: AVP receptors on cardiomyocytes were w 3 x Žw 2q x . characterized using the radioligand H AVP. The effects of AVP and YM087 on intracellular free calcium concentration Ca , i Ž . w 3 x mitogen-activated protein MAP kinase and H -leucine incorporation were investigated in cultured neonatal rat cardiomyocytes.
Introduction
Many studies have shown the importance of arginine Ž . vasopressin AVP in both the regulation of vascular tone by induction of vascular smooth muscle cell contraction w x and the pathogenesis of hypertension 1,2 . Despite its pathogenic role, the vascular action of AVP has been studied extensively, while little is known concerning the effect of this hormone on the cardiomyocytes. Several studies have demonstrated the presence of receptors for vasoactive peptides such as angiotensin II and endothelin-1 w x in cardiomyocytes 3,4 . Recently, binding and cellular calcium mobilization studies indicated that cardiomyocytes Ž . possessed AVP receptors V subtype , the activation of
Ž . Corresponding author. Tel.: q81 298 54-1568; fax: q81 298 52-2955; e-mail: tahara@yamanouchi.co.jp 2q w x which led to intracellular Ca mobilization 5 . The intracellular mechanism of AVP via V receptors is coupled 1A through a pertussis toxin-insensitive G protein to phos-Ž . phatidylinositol-specific phospholipase C PLC . PLCmediated hydrolysis of polyphosphoinositides generates two second messengers, inositol 1,4,5-triphosphate, which 2q Žw 2q x . induces an increase of free intracellular Ca Ca via i a release of Ca 2q from the endoplasmic reticulum, and w x diacylglycerol, which activates protein kinase C 6,7 .
AVP produces a positive inotropic effect at lower concentrations and negative inotropic action at higher concentrations in perfused isolated rat heart in which coronary w x artery flow was kept constant 8 . This biphasic effect of AVP was abolished by the inclusion of a V receptor YM087 which potently and totally blocked the physiologic w x and pharmacologic effects of AVP was identified 23,24 . In the present study the ability of AVP, acting through its specific receptor, to stimulate protein synthesis in cultured neonatal rat cardiomyocytes was examined. The experiments were repeated in the presence of YM087. Finally, as a comparison, the activity of OPC-21268 and OPC-31360 were compared in all assays used. 
Methods

This investigation conforms with the
Cell culture
Primary cultures of neonatal rat cardiomyocytes were prepared as originally described by Simpson and Savion w x with minor modifications 25 . Briefly, 50-100 newborn Ž . 2-3 day old Wistar rat pups were anesthetized with ether in batches of five at a time. Under aseptic conditions, the Ž . lower apical two-thirds of each heart was excised from decapitated rats and placed in a small Petri dish containing calcium and bicarbonate-free Hanks solution buffered with Ž . HEPES CBFHH containing 100 IUrml penicillin and 10 mgrml streptomycin. The tissues were washed with CBFHH, cut into 1 mm pieces and enzymatically digested Ž for 15 min with 10 ml of 0.1% collagenase type I Sigma . Chemical Co. at 378C in a 50 ml conical tube subjected to constant stirring. The supernatant from the first incubation was discarded, 7 ml of fresh enzyme solution was added and the incubation procedure was sequentially repeated until the tissue was totally digested. Starting from the second incubation, supernatants were collected into EMEM containing 20% FCS and centrifuged at 175 g for 10 min. The resulting cell pellets were resuspended and transferred Ž
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. to a 100 mm culture dish 1-2 = 10 cellsrdish and allowed to remain for 60 min at 378C in 5% CO . The 2 fibroblast and endothelial cell culture contaminants adhered to the surface, whereas the cardiomyocytes remained in the supernatant. Nonattached viable cells were collected Ž
5
. and seeded into 12-well culture plates 2 = 10 cellsrwell . Cardiomyocytes were incubated in EMEM supplemented with 5% FCS for 48 h and then replaced with serum-free medium 24 h before each experiment. In all experiments, cultures of almost pure cardiomyocytes were prepared by Ž y5 . use of cytosine arabinoside 10 M during the first 24 to 36 h which preferentially reduces the proportion of nonw x myocytes as previously described 26 .
Radioligand binding studies
The binding of H AVP was studied in confluent cells grown in 12-well culture plates. The assay buffer consisted Ž . of 10 mM HEPES pH 7.4 , 125 mM NaCl, 2.6 mM KCl, 1.2 mM MgSO , 1.2 mM KH PO , 1 mM CaCl , 5 mM Research 38 1998 198-205 200 compounds. The reaction was terminated by removal of the assay buffer and three rapid washings with 2 ml ice-cold assay buffer free of BSA. Nonspecific binding Ž was determined in the presence of an excess of AVP 1 . mM . After solubilization of the monolayer in 0.5 N NaOH, the radioactivity associated with the cells was estimated by a Packard Tricarb scintillation counter Ž . Packard Instrument Co., Inc., Meriden, CT . The concen-Ž . tration of test compounds that caused 50% inhibition IC 50 w 3 x of the specific binding of H AVP was determined by regression analysis of displacement curves. The inhibitory Ž . constant K was calculated from the following formula: assayed one day later. Cell monolayers 2 = 10 2 . Ž cellsrcm were loaded in EMEM with fura 2-AM 2 mM . per coverglass for 30 min at 378C and washed, then transferred to fura 2-free medium and incubated an additional 30 min at 378C. The loaded monolayers were stored Ž in Krebs-Henseleit-HEPES buffer containing 130 mM NaCl, 5 mM KCl, 1.25 mM CaCl , 0.8 mM MgSO , 5.5 2 4 . mM glucose, 20 mM HEPES, and 0.1% BSA, pH 7.4 . The coverglass was placed into a quartz cuvette containing 2 ml Krebs-Henseleit-HEPES buffer and maintained at 378C with continuous stirring. When thermal equilibrium was reached, the fluorescence signal was recorded with a Ž CAF-110 spectrofluorometer Japan Spectrometer Co., . Tokyo, Japan with 340r380 nm excitation and 500 nm emission wavelengths. After recording the baseline signal for 3 min, AVP was added to the cuvette in the presence or absence of antagonists to stimulate the mobilization of intracellular calcium. Fluorescence measurements were w 2q x converted to Ca by determining maximal fluorescence i Ž . w x assumed to be 224 nM 28 . Since background and cell autofluorescence were usually about 20 times less than that measured from fura 2 loaded cardiomyocytes, they were considered negligible and no correction was made in the w 2q x calculation of Ca . i
Mitogen-actiÕated protein kinase actiÕity assay
Cardiomyocytes were seeded into 24-well culture plates at confluency and serum starved for 24 h. Cells were then incubated in EMEM with 0.1% BSA containing the vehicle alone or various concentrations of AVP andror antagonists for 5 min at 378C. The assay was stopped by aspirating off the medium and cells were washed with ice-cold Ž PBS and lysed by the addition of lysis buffer 10 mM Tris-HCl, 50 mM b-glycerophosphate, 0.1 mM Na VO , 3 4 2.0 mM MgCl , 1.0 mM EGTA, 1.0 mM dithiothreitol, 2 0.02 mM pepstatin, 0.02 mM leupeptin, 1.0 mM PMSF, . 0.5% Triton X-100 and 1000 unitsrml aprotinin, pH 7.4 . Lysed cells were centrifuged for 10 min at 12 000 g and the pellets were dissolved in 0.1 N NaOH solution containing 1% sodium dodecylsulfate for protein assay. Mitogen-Ž . activated protein MAP kinase activity was measured w 32 x using MBP and g-P ATP as substrates. The assay was performed at 308C for 10 min in a final volume of 30 ml containing 75 mM b-glycerophosphate, 2 mM dithiothreitol, 6 mM MgCl , 1 mgrml MBP and 50 mM 2 w 32 x Ž . g-P ATP 1 mCirml . Reactions were terminated by the addition of 10 ml of 25% trichloroacetic acid. The reaction products were placed on P-81 phospho-cellulose Ž . papers Whatman International Ltd., Maidstone, England and washed with 1% acetic acid three times. The radioactivity was counted using a liquid scintillation counter and MAP kinase activity was expressed as picomoles of 32 P per minute per milligram of protein.
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Incorporation of H leucine and H thymidine
Cardiomyocytes were seeded into 12-well culture plates and washed with PBS and incubated serum-free EMEM for 24 h. The cultures were then incubated in EMEM with 0.5% FCS and 0.1% BSA containing vehicle alone or various concentrations of AVP andror antagonists for 24 h and then for 24 h in the same medium containing 2 w 3 x w 3 x mCirml H leucine or H thymidine. At the end of labeling, cultures were rinsed three times with ice-cold PBS, and incubated with 5% TCA on ice for 20 min. After the cells were washed twice with ice-cold 5% TCA, they were solubilized in 0.5 N NaOH. An aliquot of TCA-insoluble materials was neutralized and radioactivity was determined by a liquid scintillation counter.
Statistical analysis
Experimental results are expressed as the mean " Ž . Table 1 
Results
AVP receptor binding assay
Effect of YM087 on AVP-induced MAP kinase actiÕa-tion
In response to AVP, MAP kinase activity reached peak Ž . level 3-5 min after the addition of AVP 100 nM . This Binding assays were performed as described in Section 2. Each value is mean"S.E.M. of 3-5 independent experiments. 
AVP causes protein synthesis of cardiomyocytes
We examined the effects of AVP on protein synthesis and the rate of DNA synthesis in cardiomyocytes. AVP . Fig. 6A . In contrast, AVP 10 -10 M did not w 3 x increase DNA synthesis as measured by H thymidine Ž . incorporation Fig. 6B . 
Effect of YM087 on AVP-induced protein synthesis
YM087 strongly and concentration-dependently inhibited 100 nM AVP-induced protein synthesis with an IC 50 Ž . Ž . value of 25.4 7.76-83.1 nM Fig. 6C . This inhibitor Ž itself had no effect on protein synthesis up to 1 mM data . not shown .
Discussion
The present study has demonstrated that AVP has a direct protein synthetic effect on cultured rat cardiomy- without agonistic activity. The cardiomyocytes cultured from neonatal rats are a valuable model system which, following exposure to appropriate agonists including angiotensin II and endothelin-1, exhibits many of the features of the hypertrophic rew x sponse in the adult heart in vivo 33 . It has been shown that growth of cardiomyocytes is primarily due to hyperw x trophy rather than to hyperplasia 25 and during the development of cellular hypertrophy, rapid activation of w x PKC is induced 34 . These findings suggest an important role of PKC in the signal transduction mechanism of receptor antagonist, has been known to produce hemodynamic improvement with a transient decrease in systemic vascular resistance and an increase in cardiac output in experimental models of heart failure and congestive heart w x failure patients 44,45 . From these observations, it can be inferred that AVP could play an important role in the development of cardiac hypertrophy in congestive heart failure. The present experiments provide no information on the hypertrophic effects of AVP or the anti-hypertrophic effects of YM087 on myocardium in vivo; to determine this, additional studies are required to clarify the roles of AVP. From the present results, however, it is clear that AVP directly causes protein synthesis and YM087 is a potent inhibitor of AVP-induced protein synthesis of cardiomyocytes.
w 2q x In conclusion, AVP caused an increase in Ca 
